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(54) METHOD OF DEPOSITING METAL THIN FILM BY ATOMIC LAYER DEPOSITION 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method of 
depositing a conductive noble metal thin film on a 
substrate generally by atomic layer deposition. 
SOLUTION: As one embodiment, the substrate having a 
surface is supplied to a reaction chamber and a 
vaporized noble metal precursor is charged pulse in the 
reaction chamber. A molecular layer of the metal 
precursor of one or less layer is deposited on the 
substrate by bringing the vaporized precursor into 
contact with the surface of the substrate. In next step, 
the pulse of molecular oxygen-containing gas is supplied 
to the reaction chamber to react with the precursor on 
the substrate. The high quality metal thin film is 
deposited by the reaction of the metal with oxygen. As 
another one embodiment, a conductive layer is deposited 
to have a structure having via of high aspect ratio, 
groove or a partially swelled field or a structure having 
other same surface structures which make corse. 
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CLAIMS 



[Claim(s)] 

[Claim 1] By atomic layer deposition, it is the approach of manufacturing a conductive noble- 
metals thin film on a substrate within a reactor, and a substrate is put on the reaction chamber 
in a reactor, The pulse of the noble-metals precursor evaporated in the reaction chamber is 
supplied, and the layer of the single molecule of the precursor of about one or less layer is 
formed on a substrate, The pulse of the 2nd reactant gas containing removing the superfluous 
vaporized noble-metals precursor from a reaction chamber, and oxygen so that oxygen may 
react with the precursor on a substrate An approach including repeating until the thin film of the 
thickness of removing supplying a reaction chamber, the 2nd superfluous reactant gas, and all 
reaction byproduction products from a reaction chamber and a request is obtained. 
[Claim 2] The approach according to claim 1 the 2nd reactant gas contains free oxygen. 
[Claim 3] The approach according to claim 2 free oxygen is an oxygen molecule. 
[Claim 4] The approach according to claim 3 chosen from the group which noble metals become 
from a ruthenium, a rhodium, palladium, silver, a rhenium, an osmium, iridium, platinum, and gold. 
[Claim 5] The approach according to claim 3 chosen from the group which a noble-metals 
precursor becomes from the metallocene compound of noble metals, and a beta-JIKETONATO 
compound. 

[Claim 6] The approach according to claim 5 chosen from the group which a metallocene 
becomes from the derivative of the derivative of a bis(cyclopentadienyl)-ruthenium and a bis 
(cyclopentadienyl)-rutheniurn, methylcyclopentadienyl (TORIMECHIRU) platinum, and 
(TORIMECHIRU) methylcyclopentadienyl platinum. 

[Claim 7] A metaled beta-JIKETONATO compound A tris (2, 2, 6, and 6-tetramethyl - 3, 5- 
heptane JIONATO) ruthenium (III), The derivative of a tris (2, 2, 6, and 6-tetramethyl - 3, 5- 
heptane JIONATO) ruthenium (III), The approach according to claim 5 chosen from the group 
which consists of a derivative of a bis(2, 2, 6, and 6-tetramethyl - 3, 5-heptane JIONATO) 
ruthenium (II) and a bis(2, 2, 6, and 6-tetramethyl - 3, 5-heptane JIONATO) ruthenium (II). 
[Claim 8] The approach according to claim 3 by which the 2nd reactant gas is supplied by 
carrying out pulse feeding of the oxygen in a reaction chamber. 

[Claim 9] The approach according to claim 3 by which the 2nd reactant gas is supplied in a 
reaction chamber by carrying out pulse feeding of the mixture of oxygen and inert gas. 
[Claim 1 0] The approach according to claim 3 supplied when the 2nd reactant gas disassembles 
the chemical containing the oxygen in a reactor with a catalyst. 

[Claim 1 1] The approach according to claim 10 the chemical containing oxygen is H202 or 
organic peroxide. 

[Claim 1 2] The approach according to claim 1 1 enforced according to the catalyst chosen from 
the group which decomposition with a catalyst becomes from palladium and platinum. 
[Claim 1 3] The approach according to claim 3 supplied when the 2nd reactant gas forms oxygen 
within a reactor by decomposition of N20. 

[Claim 14] The approach according to claim 3 by which a growth initiation layer is supplied on a 
substrate before making a noble-metals thin film deposit. 

[Claim 15] The approach according to claim 14 a growth initiation layer contains a hydroxyl 



group. . 
[Claim 16] The approach according to claim 15 a growth initiation layer is 20aluminum3 thin film. 
[Claim 17] The approach according to claim 15 a growth initiation layer is Ti02 thin film. 
[Claim 18] The approach according to claim 14 the thickness of a growth initiation layer is 10A - 
20A. 

[Claim 19] The approach according to claim 14 manufactured by supplying H202 in a reaction 
chamber after placing a substrate into a reaction chamber, and before a growth initiation layer 
supplies the pulse of the vaporized noble-metals precursor. 

[Claim 20] The approach containing two or more metals chosen from the group which a noble 
metals thin film becomes from a ruthenium, a rhodium, palladium, silver, a rhenium, an osmium, 
iridium, platinum, and gold according to claim 3. 

[Claim 21] The approach according to claim 20 a noble-metals thin film contains a ruthenium and 
platinum. 

[Claim 22] The approach according to claim 21 a noble-metals thin film contains a part for a part 
for part I which adjoins a substrate and which essentially consists of a ruthenium, and part II of 
the top for part I which essentially consists of platinum. 

[Claim 23] On a substrate, it is the approach of manufacturing a noble-metals thin film, and a 
substrate is placed in the reaction chamber in a reactor, The layer in which pulse feeding was 
carried out and the noble-metals precursor adsorbed on the substrate the noble-metals 
precursor evaporated in the reaction chamber is formed, It converts into a noble-metals layer by 
contacting the gas which contains oxygen in a substrate for the layer of removing the 
superfluous vaporized noble-metals precursor and the noble-metals precursor to which it stuck, 
An approach including repeating until it forms the thin film of the thickness of removing the gas 
containing superfluous oxygen, and all reaction byproduction products, and a request. 
[Claim 24] The approach according to claim 23 oxygen is free oxygen. 
[Claim 25] The approach according to claim 24 oxygen is an oxygen molecule. 
[Claim 26] The 1 st insulating layer is made to deposit on the silicon substrate which is the 
approach of manufacturing a capacitor in an integrated circuit, and has the doped field, A barrier 
layer is made [ forming the conductive ingredient which penetrates an insulating layer and 
contacts a substrate, ] to deposit on the field which the conductive ingredient exposed, An 
approach including growing up the 1st electrode layer which contains noble metals on a barrier 
layer according to an atomic layer deposition process, growing up the 2nd insulating layer on the 
1 st etectrode layer, and growing up the 2nd electrode layer which contains noble metals on the 
2nd insulating layer according to an atomic layer deposition process. 

[Claim 27] An approach including making it react by turns [ the gas and by turns ] in which an 

atomic layer deposition process contains the noble-metals precursor arid oxygen which 

evaporated the substrate front face according to claim 26. 

[Claim 28] The approach according to claim 27 oxygen is free oxygen. 

[Claim 29] The approach according to claim 28 oxygen is an oxygen molecule. 

[Claim 30] The approach according to claim 26 a barrier layer contains the metal nitride layer 

grown up by atomic layer deposition on the front face which the electrical conducting material 

exposed. 

[Claim 31] The approach according to claim 30 a barrier layer contains a silicon nitride tantalum. 
[Claim 32] The approach containing the layer in which the 2nd insulating layer has the high 
dielectric constant grown up by atomic layer deposition according to claim 26. 
[Claim 33] The approach according to claim 32 chosen from the group which the 2nd insulating 
layer becomes from barium titanate-strontium and tantalum oxide. 

[Claim 34] How to be the approach of manufacturing a super-high density magnetic recording 
medium, and include forming the 1 st ferromagnetic recording layer on a substrate, forming the 
non-magnetic layer which essentially on the 1st ferromagnetic recording layer consists of noble 
metals according to an atomic layer deposition process, and forming the 2nd ferromagnetic 
recording layer on a non-magnetic layer. 

[Claim 35] The approach according to claim 34 an atomic layer deposition process includes 
making it react the noble-metals precursor and oxygen which evaporated the substrate front 



face, and by turns. 

[Claim 36] The approach according to claim 35 the thickness of a non-magnetic layer is about 
1nm - 100nm. 



[Translation done.] 



* NOTICES * 

JPO and MCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the approach of generally manufacturing a 
noble-metals (Ru, Rh. Pd. Ag. Re. Os, Ir. Pt) layer which is used for an integrated circuit (IC) and 
a magnetic-recording medium. 
[0002] 

[Description of the Prior Art] The ruthenium is considered to be one of the most promising 
ingredients as a capacitor electrode of the dynamic random access memory (DRAM) which has 
Ta 205 and/or (Ba, Sr) Ti03 (BST) dielectric. A ruthenium is an electrode material which has 
possibility in non-volatile ferroelectric RAMs again. Many faults are connected with this concept 
although platinum has been widely used as an electrode material. For example, it is very difficult 
to carry out pattern formation of the platinum layer by etching, and platinum dissociates 02 in an 
oxygen atom by the catalysis. Diffusing the formed oxygen in the barrier of a substrate, the 
barrier oxidizes and forms a resistive layer. On the other hand, patterning of the ruthenium thin 
film can be easily carried out by etching, it prevents oxidation by forming Ru02. and this has 
good conductivity. Furthermore. Ru is an electrode material interesting [ for the CMOS 
transistors of the future when Si02 will replace the high dielectric of k ] on account of the high 
working-function nature. Although it is the best candidate for whom Ir fills the property of the 
oxygen diffusion barrier with Ru and the same reason, it is considered the candidate to whom 
other noble metals like Pt and Pd have a hope in the above-mentioned application. It is related 
with the definition of noble metals and is Encycopedia. Although it says that Britanica is either of 
some metalization study elements with which noble metals have the resistance which was 
excellent to oxidation even in the elevated temperature and the group division has not become 
settled strictly, it usually thinks including a rhenium, a ruthenium, a rhodium, palladium, silver, an 
osmium, iridium, platinum, and gold. That is, he is the group of the Vllb group of the second and 
third sere of an element periodic table, a VIII group, and lb group. 

[0003] In addition to the application of an electrode, in the magnetic-recording technique which 
the demand to which Ru thin film raises recording density with both a read/write head and a 
record medium continually is increasing, the potential application is accepted in fixed elements 
(E. E.Fullerton, SolidState Technology, Sep.2001, p.87). For example, in the record medium 
combined in non-ferromagnetism. in order that Ru film of the thickness of three atomic layers 
may separate two ferromagnetic layers, it is used. In the long run. a vertical recording meth ° d 
(magnetized at right angles to a film surface) is expected to replace the inside of a current field, 
or the medium of a longitudinal direction. In order to make the record medium of the high 
performance which carries out perpendicular magnetization to a film surface, the multilayer 
structure which consists of magnetism [ being ultra-thin (usually under pentatomic thickness) J 
and a non-magnetic layer has been proposed. For example, probably. Ru and Pd will be usable as 
a non-magnetic material here. The clear technical problem in the application of these magnetic 
recording media is how to control thickness by atomic layer level to homogeneity covering a big 
substrate area. 

[0004] The metalization technique in a current integrated circuit is based on copper 
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electroplating. However, a seed layer suitable on a diffusion barrier ingredient is required to 
perform an electrodeposted process with the sufficient result. Usually, it is made to deposit with 
physical vapor deposition the case of most copper itself, and is used as a seed layer ingredient. 
Although chemical vapor growth and a chemical approach like atomic layer deposition give a 
good step coverage by the copper seed layer, adhesion to the copper barrier usually becomes 
weak. Furthermore, the general problem about copper seed is that they oxidize easily, and needs 
a reduction step for the beginning of an electrolytic deposition process. Since, as for noble 
metals, the front face does not oxidize easily, they can be used as a seed layer of copper 
vacuum evaporationo. 

[0005] Current and Ru film are made to deposit with either a spatter or chemical vapor growth 
(CVD). The ALD process on which Ru film is made to deposit was not reported in spite of having 
been the property of the thin film deposited by ALD, the especially excellent step coverage 
(adjustment (conformality)), exact and easy thickness control, and the description that has value 
in the application with the above-mentioned homogeneity in a large area very much. 
[0006] The main problem in development of the metal deposition by ALD Since the metal 
precursor which can be used for ALD is usually a compound in the condition that a metal is 
expensive and of having oxidized it was that there is no effective reducing agent (it Leskela(s) M. 
— Ritala and M. — ) Atomic Layer Deposition, Handbook of Thin Film Materials (thin film material 
handbook), H. The volume on S.Nalwa, Academic Press, San Diego (2001), Vol.1, Chapter2, p.103. 
General technique was looking for the reducing agent from which the ligand of the metallic 
compounds which are remaining as it is in the form it having usually protonated besides removing 
a metal is removed. The simplest thing of this reaction is a process which uses a hydrogen 
radical as a reducing agent (A. Sherman, U.S. Pat. No. 5,916,365). 

[0007] MLn(g) ->MLn-x (chemisorption) and here — x= 0 ... n -1 MLn-x(chemisorption)+(n-x)H 
(g) ->M(s)+(n-x) HL (g) 

[0008] Other reducing agents studied for ALD contain a disilane, diboron hexahydride, hydrogen, 
formaldehyde, and a zinc element. In the latter example, zinc removes the halogen ligand which 
carried out the form of volatile zinc halides, such as ZnCI2. 

[0009] Aoyama etc. examined the CVD process on which an aiming at capacitor electrode 
ruthenium (Jpn.J.Appl.Phys.38(1999) pp.21 94-21 99) thin film is made to deposit. They used 02 
as reactant gas for decomposing a screw-(cyclopentadienyl) ruthenium (Ru (Cp2)) and Ru (Cp2) 
gas as a ruthenium precursor. Changing growth temperature to 230 to 315 degrees C, the rate of 
sedimentation was a part for 25nm/at 315 degrees C. However, it was incorporated as an 
impurity with carbon and hydrogen harmful in the deposition film, therefore membranous 
resistance increased. Furthermore, general constraint of CVD methods, such as gaining a large 
area with homogeneity and a problem about exact thickness control, still remains. In addition, it 
is difficult to obtain the height of a good step coverage and membranous purity to coincidence. 
[0010] 

[Problem(s) to be Solved by the Invention] A one division target of this invention is offering the 
new method of removing the problem of the conventional technique and manufacturing a metal 
thin film by ALD. It is offering the process in which the purpose of this invention manufactures a 
conductive noble-metals thin film by the atomic layer depositing method on a substrate at a 
detail. 

[001 1] The third purpose of this invention is offering the approach of manufacturing a super-high 
density magnetic recording medium. These and other purposes are attained by invention which 
explains and carries out an application for patent to below with the advantage exceeding the 
known process which is made clear from the following specifications. 
[0012] 

[Means for Solving the Problem] Now, we invented the new method of making a metal thin film 
deposit by ALD. Generally, this invention is suitable for depositing noble-metals thin films, such 
as a ruthenium, a rhodium, palladium, silver, a rhenium, an osmium, iridium, and platinum. 
[0013] The metal thin film which is obtained and which carried out ALD deposition can be used 
for IC as a seed layer of copper metalization as a gate electrode as for example, a capacitor 
electrode, and can be used as a non-magnetic layer of a magnetic medium for separating a 



ferromagnetic layer similarly. 

[0014] With the desirable operation gestalt of this invention, pulse feeding of the precursor of 
the evaporated noble metals is carried out all over a reaction chamber, and it contacts the front 
face of the substrate put on the reaction chamber, and forms the molecular layer of a metal 
precursor on a substrate. A reaction chamber is purged in order to remove the superfluous 
vaporized metal precursor. To the surprising thing, we discovered that the special oxygen which 
carried out the form of a molecule here could return a noble-metals compound to the form of an 
element. The metal thin film of high quality can be made to deposit using the reaction between a 
metal precursor and oxygen. This is a chemical with which oxygen usually serves as a source of 
oxidation in ALD, and since the reactivity is usually considered not to be so large at the 
temperature of 500 degrees C or less, even such a chemical is a surprising thing. The mechanism 
of the reduction clearly stated on these specifications differs from the ALD metal process 
investigated before removing a ligand as it was. In the process indicated on these specifications, 
a metal is returned to oxygen oxidizing and being clearly surprised at a carbon oxide and water in 
a ligand instead of forming a metallic oxide even with these metals (it being (like Ru)) known for 
having a stable oxide, therefore, the substrate which contains the noble-metals precursor to 
which it stuck with a desirable operation gestalt — oxygen — it is preferably contacted to free 
oxygen and the reactant gas which contains an oxygen molecule still more preferably. For 
example, the ruthenium compound and platinum compound by which the substrate front face was 
adsorbed chemically can be returned to a metallic element using oxygen or by disassembling the 
precursor containing oxygen, such as H202, into oxygen within a reactor, and supplying oxygen 
into a reaction chamber. Since a ruthenium and platinum are noble metals, oxygen can be 
concluded if the precursor of other noble metals to which it stuck is convertible for the form of 
an element similarly. Of course, since the metal which has forward potential lower than noble 
metals as compared with a hydrogen electrode forms the oxide stabilized more by these metals 
rather than noble metals, this mechanism is not expectable. 

[0015] The electrode layer containing noble metals is formed in the capacitor structure of an 
integrated circuit with 1 operation gestalt. With the operation gestalt of further others, the ultra- 
thin film of the noble metals which work as a nonmagnetic detached core is used for 
manufacturing a super-high density magnetic recording medium. 

[0016] In a detail, with a still more desirable operation gestalt, the conductive noble-metals thin 
film on a substrate Put a substrate on the reaction chamber in a reactor, supply the vaporized 
noble-metals precursor all over a reaction chamber, and the monomolecular layer of a precursor 
is formed on a substrate. The superfluous vaporized precursor is removed from a reaction 
chamber, the 2nd reactant gas containing oxygen is supplied to a reaction chamber so that the 
precursor and oxygen on a substrate may react, superfluous reactant gas and a reaction 
byproduction product are removed from a reaction chamber, and it is manufactured by repeating 
until the thin film of desired thickness is obtained. 

[0017] The 1st insulating layer is made to deposit on the doped silicon substrate with 1 
operation gestalt. Penetrate an insulating layer, arrange a conductive ingredient, make a 
substrate contact, and a barrier layer is made to deposit on the field which the conductive 
ingredient exposed. Capacitor structure is manufactured by making the 1 st electrode layer 
containing noble metals deposit on a barrier layer according to an atomic layer deposition 
process, making the 2nd insulating layer deposit on the 1st electrode layer, and making the 2nd 
electrode layer which contains noble metals on the 2nd insulating layer according to an atomic 
layer deposition process deposit. 

[0018] With other operation gestalten, a super-high density magnetic recording medium is 
manufactured by forming the 1st ferromagnetic recording layer on a substrate, forming the non- 
magnetic layer which essentially on the 1st ferromagnetic recording layer consists of noble 
metals according to an atomic layer deposition process, and forming the 2nd ferromagnetic 
recording layer on a non-magnetic layer. 

[0019] This invention is adopted and many profits are obtained. The advantageous good and 
known description (control of exact and easy thickness, the outstanding step coverage, i.e., 
adjustment, and homogeneity in a large area) can be acquired by deposition of a metal thin film. 



The approach of this invention offers the approach of manufacturing the thin film of high quality 
with the outstanding step coverage nature. This process is useful to conductive layer production 
to the structure of having other same surface structures which make coarse especially the beer 
of a high aspect ratio and a slot the field that upheaved highly partially, or a front face. This 
gaseous-phase process is easily incorporable into the present process facility used for 
manufacture of an integrated circuit (IC) or a magnetic-recording medium. 

[0020] There are, and the amount of the impurity which exists in the metal membrane deposited 
by this invention is important to make membranous conductivity high. [ few ] The amount of H, 
C, and N impurity is usually 0.1 - 0.3 atom % extent. The amount of residual oxygen is usually 0.3 
- 0.5 atom % extent. 

[0021] Membranous homogeneity and the repeatability of a process improve by supplying a 
hydroxyl group to a substrate front face that it is surprised. The front face which was rich in this 
hydroxyl group promotes nucleation, and can realize it very easily by making the ultra-thin layer 
of metallic oxides, such as aluminum 203 or Ti02, deposit. It is made to deposit the layer of a 
metallic oxide with 1 operation gestalt by using H20 and/or H202 as a source of oxygen by ALD. 

[0022] 

[Embodiment of the Invention] This invention relates to the approach of generally manufacturing 
a thin film according to an atomic layer deposition process. According to the usual ALD method, 
put the substrate which has a front face on a reaction chamber, and a substrate is heated to 
suitable growth temperature under reduced pressure. The 1 st reactant is introduced by the 
gaseous-phase pulse form in a reaction chamber (it says henceforth "pulse feeding of the gas 
reactant is carried out"). Make it contact on the surface of a substrate, and the monomolecular 
layer of the reactant of about one or less layer is made to combine or absorb slightly on a front 
face. Discharge the 1 st superfluous reactant in the form of a steam or gas from a reaction 
chamber, and carry out pulse feeding on a substrate and the 2nd gas reactant is made to react 
between the 2nd reactant and the 1 st reactant combined on the front face. The 2nd superfluous 
reactant and the gas byproduction product by surface reaction are discharged from a reaction 
chamber, and it repeats until a deposition thin film reaches desired thickness in the sequence 
that the step of pulse feeding and discharge was directed. This approach is based on the surface 
reaction by which the precursor chemical was controlled. Gaseous phase reaction is avoided by 
supplying a reactant to a reaction chamber by turns. The reactant of a vapor phase is mutually 
separated by removing a superfluous reactant and/or a reaction byproduction product from a 
reaction chamber by pulse feeding of a discharge step and/or inert gas (for example, nitrogen or 
an argon) etc. 

[0023] According to the desirable operation gestalt, a noble-metals thin film is manufactured on 
a substrate front face by the approach of containing the following steps at least. Namely, pulse 
feeding of the precursor of supplying the substrate which has a front face to a reaction chamber, 
and vaporized noble metals is carried out in a reaction chamber. A reaction chamber is purged 
and the superfluous vaporized noble-metals precursor is removed [ making the molecular layer 
of a metal precursor form on a substrate, ], Repeat the step of removing the gas byproduction 
product generated at the reaction between the metal precursor layer on the gas which purges 
supplying the gas containing oxygen on a substrate, and a reaction chamber, and contains 
superfluous oxygen, and a substrate, and oxygen, pulse feeding, and a purge until a deposition 
thin film reaches desired thickness. 

[0024] According to other operation gestalten of this invention, the last metal structure may 
consist of two or more different noble metals which touches mutually. For example, deposition 
can be begun by deposition of platinum and it can be finished as deposition of a ruthenium. 
[0025] A substrate can be considered as the ingredient of various classes. When manufacturing 
an integrated circuit, as for a substrate, it is desirable chemical and that many thin films with 
which physical characteristics differ are included. The front faces of a substrate may be 
dielectric layers, such as Ta 205 or (Ba, Sr) Ti03. Furthermore, a substrate front face consists 
of beer which patterning may be carried out, therefore has a knot [ being small (less than 1 
micrometer) ] (nodes) and about 2:1 to 150:1, and a high aspect ratio beyond it, and/or a slot. 



[0026] Therefore, it is desirable to deposit in the desirable process which manufactures 
capacitor structure in an integrated circuit on the barrier layer in which a noble-metals layer 
contains for example, a metal nitride. In 1 operation gestalt, the process offers the silicon 
substrate which forms the activity part of a transistor and which has the doped field, A silicon 
substrate is made to contact so that the insulating layer in which it forms an exposure for 
making the 1st insulating layer deposit on a substrate and an electrical conducting material may 
be penetrated and it may extend. The barrier layer which essentially covers the front face which 
the electrical conducting material exposed is made to deposit. It includes making the 1 st 
electrode layer containing noble metals deposit by atomic layer deposition on a barrier layer, 
making the 2nd insulating layer deposit on the 1 st electrode layer, and making the 2nd electrode 
layer which contains noble metals in the 2nd insulator deposit by atomic layer deposition. 
[0027] Moreover, as for the detached core which a ferromagnetic layer can be included, the 1 st 
and 2nd ferromagnetic recording layers are formed on a substrate, and the 2nd is separated from 
the 1st, and contains the non-magnetic layer of noble metals, it is desirable like [ in case a 
substrate layer manufactures a super-high density magnetic recording medium ] to make it 
deposit between the 1st and 2nd ferromagnetic layer by ALD. 

[0028] The noble-metals precursor used for an ALD process can be used as a solid-state, a 
liquid, or a gas ingredient, if a metal precursor is a gaseous phase, or it is evaporated before 
being introduced in a reaction chamber, and a substrate front face is contacted and a precursor 
joins together on a substrate. The thing for which the steam of the precursor "which carries out 
pulse feeding of the vaporized precursor on a substrate" was restricted in the reaction chamber 
and which carry out time amount installation is meant. Usually, pulse feeding time amount is 
about 0.05 to 0 second. However, pulse feeding time amount may become longer than 10 
seconds with the class of substrate, and its surface area. 

[0029] In the approach of this invention, generally a metal is either oxygen or carbon association, 
or the compound that is carrying out coordinate bond, and the suitable metal precursor on which 
a conductive noble-metals layer is made to deposit is a metaled metallocene compound or the 
metaled compound formed into beta-diketone still more preferably. When making a ruthenium 
thin film deposit, desirable metal precursors are the derivatives, such as a bis(cyclopentadienyl) 
ruthenium, a tris (2, 2, 6, and 6-tetramethyl - 3, 5-heptane JIONATO) ruthenium (M), and a bis 
(pentamethylcyclopentadienyl) ruthenium, a bis(2. 2, 6, and 6-tetramethyl - 3, 5-heptane 
JIONATO) (1, 5-cyclo-octadiene) ruthenium (II). When making the platinum film deposit, desirable 
metal precursors are methylcyclopentadienyl (TORIMECHIRU) platinum (IV), platinum (II) 
acetylacetonate, bis(2, 2. 6. and 6-tetramethyl - 3, 5-heptane JIONATO) platinum (II). and its 
derivative. 

[0030] It means removing from a reaction chamber by discharging the interior of a room for the ^ 
gas byproduction product formed between the gas precursors "which purge a reaction chamber 
with a vacuum pump, and/or inert gas, such as an argon or nitrogen, permuting the inside of a 
reactor etc. (purging). The usual purging time amount is about 0.05 - 20 seconds. 
[0031] The pulse containing oxygen is supplied carrying out pulse feeding of the mixture of 
oxygen or oxygen, and other gas into a reaction chamber, or by making the chemical containing 
oxygen, such as H202, N20. and/or an organic-acid ghost, disassemble, and making oxygen form 
in a reaction chamber. For example, the pulse containing oxygen can be formed by the catalysis 
by introducing the pulse of 20H2 vaporized water solution in a reactor, drawing a pulse on the 
catalyst in a reactor, and leading in a reaction chamber after that. For example, as for a catalyst 
front face, it is desirable that they are one platinum or palladium. 

[0032] Oxygen pulses are the gas pulse which contains free oxygen preferably, and a gas pulse 
which contains molecule oxygen still more preferably, therefore can consist of mixture with 
oxygen, inert gas, for example, nitrogen, or an argon. As for the oxygen content of the gas 
containing oxygen, it is desirable that it is about 10 - 25%. Therefore, one desirable source of 
oxygen is air. As for the mass rate of flow of the gas which contains oxygen in the case of a 
comparatively small substrate, it is desirable that it is about one to 25 seem (to for example, a 4 
inch wafer), and it is about one to 8 seem more preferably. As for the mass rate of flow of the 
gas containing oxygen, in the case of a bigger substrate, a scale becomes large. 



[0033] The pressure of reaction space is usually about 0.01 -20mb, and is 1-1 Omb more 
preferably. Before starting membranous deposition, a substrate is heated to usually suitable 
growth temperature. The growth temperature of a metal thin film is about 200-500 degrees C, 
and is about 250-400 degrees C in about 300-360 degrees C and Pt more preferably at Ru. 
[0034] It depends for process time amount on the thickness of the layer to manufacture, and the 
membranous rate of sedimentation. The rate of sedimentation of the thin film in ALD is defined 
as thickness per 1 cycle. 1 cycle consists of pulse feeding and the discharge step of a precursor, 
and the duration of 1 cycle is usually about 0.2 - 30 seconds. 

[0035] The example of the suitable configuration of the reactor used for the thin film deposition 
by the approach of this invention is ASM available in a commercial scene. Microchemistry F-120 
currently manufactured by Ltd. and They are ALD equipments, such as a Pulsar (trademark) 
reactor. In addition to these ALD reactors, many kinds in which ALD deposition of a thin film is 
possible of reactors can use it for enforcing the approach of this invention including a CVD 
reactor equipped with the suitable equipment and the suitable means for pulse feeding of a 
precursor. A deposition process can be carried out in a cluster tool in option, a substrate arrives 
from the process step of the preceding paragraph, a metal membrane is manufactured on a 
substrate, and, subsequently a substrate is conveyed to the following process step. In a cluster 
tool, the temperature of reaction space is kept constant and throughput of this improves clearly 
as compared with the reactor which heats a substrate to process temperature for every 
operation. 

[0036] The reactor of a standalone version can equip a load lock (load lock). In that case, it is 
not necessary to cool reaction space between each operation. 

[0037] With 1 operation gestalt, this invention offers the approach of making a capacitor 
electrode depositing. There is a doped field 34 which is the activity part of a transistor in a 
silicon substrate 30. The oxide electric field 32 separate the transistor of each other. An 
insulating layer 36 2, for example, SiO, is grown up on a substrate. Flattening of the insulating 
layer is carried out. Patterning is carried out so that the resist layer 38 may be formed on an 
insulating layer 36 and opening 40 may be formed. Beer is etched into an insulating layer and 
beer is filled up with the conductive ingredient 50, for example, polish recon. the extension of the 
tooth form on a beer plug and a plug remains a polish recon layer in structure — as — 
patterning — and it etches. The gear tooth of polish recon makes min the amount of an 
expensive metal required for a lower electrode. After an etching step, the front face which polish 
recon exposed may be very coarse so that the surface area of polish recon may become as large 
as possible. The barrier layer 52 TaxSiyNz, for example, a silicon nitride tantalum, is made to 
deposit for example, by atomic layer deposition (ALD) on a substrate. Patterning of the barrier 
layer is carried out and it is etched so that a barrier layer may remain only in a polish recon 
front-face top or near. 

[0038] Noble metals, for example, Pt or Ru, are made to deposit by ALD on a substrate, 
patterning of the metal layer is carried out and it is etched so that a metal 54 may remain 
subsequently only to the barrier layer 52 top or near. Then, the capacitor insulator 56 is made to 
deposit on a substrate. As for the capacitor insulator 56, it has a high dielectric constant namely, 
is desirable that it is the high ingredient of k. the high ingredient of k — the value of k — >=5 
more — desirable — >=10 — it is >=20 still more preferably. Barium-strontium titanate (BST) 
and the tantalic acid ghost Ta 205 are used as an example of the suitable high ingredient of k. 
The high layer of k is annealed in option and makes the crystallinity of a layer, and a dielectric 
constant increase, finally, the up electrode 58, for example, Ru or Pt, is made to deposit on the 
high ingredient 56 of k, and a capacitor is reached (it contacts electrically) — like — patterning 
— and it etches. 

[0039] Other approaches of making a capacitor are carrying out flattening of the substrate front 
face after deposition of polish recon, and forming a metaled wen (knob) subsequently to a polish 
recon top. However, since the effective area of a capacitor is increased, a metal thick in 
comparison is required on a polish recon plug. In that case, Pt or Ru made to deposit with a 
metal, for example, ALD, forms the part of the "gear tooth" prolonged on the field of an insulator 
36. 



[0040] On a substrate, other approaches to which the effective area of a capacitor is made to 
increase etch a hollow, and form capacitor structure at the wall and bottom of a hollow. As 
shown in drawing 5 , there is a polish recon plug 50 which penetrates the 1 st insulator layer 36 
and is prolonged. The 2nd insulator layer 70 (for example, Si02) is made to deposit on the 1st 
insulator layer and a polish recon plug. Patterning of the resist 72 arranged on the front face of 
the 2nd insulator 70 is carried out so that opening 74 can be formed on the polish recon plug 50. 
If drawing 6 is referred to, the 2nd insulator will be etched until the capacitor hollow 96 is 
formed. The resist which remained is removed. Subsequently, a barrier layer, for example. 
TaxSiyNz, is made to deposit on a substrate, and patterning is carried out so that only the top 
front face of a polish recon plug may be covered with the barrier 76. a lower metal electrode, for 
example, Pt or Ru. is made to deposit on a substrate by ALD, and only the bottom and wall of a 
hollow are covered with the lower metal electrode 90 — as — patterning — and it etches. The 
high dielectric layer 92 of k. for example, BST, is made to deposit by ALD on a substrate. In 
order to make the crystallinity of a dielectric layer 92, and a dielectric constant increase, an 
annealing step can be used in option. The up metal electrode 94. for example. Pt or Ru. is made 
to deposit in ALD on the high thin film 92 of k by this invention finally. 

[0041] Furthermore, other approaches to which the effective area of a DRAM capacitor is made 
to increase are arranging capacitor structure in the deep hollow etched on the silicon substrate, 
stopping the substrate area to hold to min. This structure is called a quirk capacitor. Drawing 7 
shows the quirk capacitor without an address line and the active ingredient child of a semi- 
conductor. The slot which has the front face covered with the multilayered film 1 12 is on a 
silicon substrate 110. Deposition is begun from forming the barrier layer 114, for example. 
TaxSiyNz. In order to avoid formation of metal silicide, as for this, it is desirable to form between 
silicon, a platinum metal, or a ruthenium. The 1 st metal electrode 1 1 6. for example. Pt or Ru, is 
made to deposit by ALD on the barrier layer 114 with this invention. The high layer 1 18 of k, for 
example. BST. is made to deposit by ALD on the 1st metal-electrode layer 116. The 2nd metal- 
electrode layer 120. for example. Pt or Ru, is made to deposit by ALD on the high layer 118 of k 
with this invention. When a slot is filled up with the polish recon 124. it is desirable to protect the 
2nd metal electrode 120 with the barrier thin film 122. for example, TaxSiyNz. The thickness of a 
metal electrode is chosen from about 1 micrometer - 200nm. and is still thicker depending on an 
application. 

[0042] A deposition process can be reinforced by starting deposition by giving a hydroxyl group 
to a substrate front face in option. Before starting deposition of a metal membrane, the thin 
initiation layer of metallic oxides, such as aluminum 203 or Ti02. is made to deposit with 1 
operation gestalt. The fragmentation 2. i.e.. -NH. and =NH radical of the ammonia adhering to a 
front face can also be committed as a nucleation point of metal deposition. The layer of a 10 to 
20A oxide can give a desired improvement, i.e., the productivity of a process, and a membranous 
homogeneous improvement in a metal deposition process. To leave the dielectric front face 
where dielectric deposition of Zr02, Hf02, etc. was performed [ in the case of DRAM ] in the 
case of TiO(Ba. Sr) 356 and a CMOS transistor, and the process was covered with the hydroxyl 
group in advance of the metal deposition 58, a special hydroxylation step is unnecessary. All the 
examples of this dielectric deposition process are the ALD oxide processes of the water base. 
Furthermore, the front face which runs short of hydroxyl groups can be re-hydroxylated with a 
reactant compound (H202). for example, a hydrogen peroxide etc. This is advantageous when an 
insulating layer cannot be grown up before metal deposition of this invention. 
[0043] in super-high density record, it is advantageous a non-magnetic layer 154. for example. 
Ru, and to come out and to divide the ferromagnetic recording layer on a substrate 150 into two 
parts 152 and 156 in the thickness direction. As a result, the stability of the magnetic- 
polarization condition of the magnetic small bit of a surface emergency increases, and 
spontaneous random reversal of a magnetic-polarization condition is avoided. The Ru film 154 
which helps formation of the medium combined in nonmagnetic accumulates by this invention. 
[0044] According to other operation gestalten of this invention, the seed layer used for copper 
metalization of the beer in a duplex pellet syn conformation and a slot is made to deposit 
furthermore. With this operation gestalt, the substrate which has the slot and beer which were 
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covered with the diffusion barrier is supplied in a reaction chamber. The seed layer which 
consists of at least one metal chosen from Ru, Rh, Pd f Ag, Re, Os, Ir f and Pt is made to deposit 
from the mutual gaseous-phase pulse of the chemical of the source of a metal where it 
dissociated mutually as mentioned above by the pulse of a discharge step and/ or inert gas (for 
example, nitrogen or an argon), and the source chemical of oxygen. The thickness of the seed 
layer obtained is about 1nm - 30nm, or can be made still thicker depending on the dimension of a 
slot and beer. The seed layer is useful as a start layer for deposition of the copper by 
electroplating or the CVD process. The following non-restricting examples explain invention to a 
detail further. 

[0045] It is the flow type F-120 about an example 1 ruthenium thin film. It was made to deposit 
in an ALD reactor (ASM Microchemistry). A screw-(cyclopentadienyl) ruthenium (Ru2 (Cp)) and 
air (rate-of-flow 8sccm under pulse feeding) were used as a precursor. The ruthenium thin film 
was made to deposit on the boro-silicated glass substrate of 5x5cm2 covered with 20aluminum3 
thin film. Growth temperature was 350 degrees C. 

[0046] In order to acquire a process with the uniform ruthenium film and repeatability, it turned 
out that 20aluminum3 film is useful, this invention person assumed that this called at reactive 
sites, such as a hydroxyl group (- OH) of the high density on aluminum203 film. The consistency 
of this reactive site is high on the front face on which it was made to deposit by ALD and where 
20aluminum3 thin film is fresh. In this experiment, 20aluminum3 thin film for starting suitable 
growth of Ru film was manufactured by ALD as a precursor using AICI3 and H20, or H202. 
aluminum 203 of a 40 cycle total amount was used. 

[0047] The effect of administration of a ruthenium precursor was changed by changing 
evaporation temperature. Therefore, the temperature of the open evaporation container in a 
reactor (open evaporation boat) was changed to 45 degrees C - 70 degrees C. The membranous 
rate of sedimentation and quality were investigated. 

[0048] The subsequent purge of the pulse duration of the vaporized ruthenium precursor was 0.5 
seconds for 0.5 seconds. The subsequent purge of the pulse duration of an air pulse was 0.5 
seconds for 0.2 seconds. The grand total of a cycle was 3000 times. The rate of sedimentation 
changes with the vapor pressure, namely, the result of drawing 1 shows that it is not dependent 
on the dose of RuCp2 which changes with the evaporation temperature. The thing whose 
membranous deposition is the description of ALD and which is being gone on in self-limit (self- 
limiting) is proved [ this ]. Therefore, all the advantages of the description of ALD can be used. 
[0049] It is the flow type F-120 about an example 2 ruthenium thin film. It was made to deposit 
in an ALD reactor (ASM Microchemistry). A screw-(cyclopentadienyl) ruthenium (Ru2 (Cp)) and 
air (rate-of-flow 8sccm under pulse feeding) were used as a precursor. Ru (Cp)2 was made to 
evaporate at 50 degrees C from the open container in a reactor. The ruthenium film was made to 
deposit on the boro-silicated glass substrate of 5x5cm2 covered with 20aluminum3 thin film. 
Growth temperature was 350 degrees C. 

[0050] The effect of administration of a ruthenium precursor was changed by changing the pulse 
duration of the vaporized precursor from 0.2 seconds to 1 .2 seconds. The membranous rate of 
sedimentation and quality were investigated. The purge after a ruthenium pulse was 0.5 seconds. 
The pulse duration of an air pulse was 0.2 seconds, and the subsequent purge was 0.5 seconds. 
The grand total of a cycle was 3000 times. 

[0051] The result of Table 1 indicates the unrelated thing to be the dose of RuCp2 from which 
the rate of sedimentation changes with the pulse duration, when a pulse period is 0.2 seconds or 
more. It is proved [ this ] that it is going on on the seHHimit target whose membranous 
deposition is the description of ALD. 
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[0053] It is the flow type F-1 20 about an example 3 ruthenium thin film. It was made to deposit 
in an ALD reactor (ASM Microchemistry). A screw-(cyclopentadienyl) ruthenium (Ru2 (Cp)) and 
air were used as a precursor. Ru (Cp)2 was made to evaporate at 50 degrees C from the open 
container in a reactor. The ruthenium film was made to deposit on the 5cmx5cm boro-silicated 
glass substrate covered with 20aluminum3 thin film. The examined growth temperature was 350 

degrees C. _ _ 

[0054] The subsequent purge of the pulse duration of the vaporized ruthenium precursor was u.o 
seconds for 0.5 seconds. The subsequent purge of the pulse duration of an air pulse was 0.5 
seconds for 0.2 seconds. The grand total of a cycle was 2000 times. 

[0055] The effect of administration of oxygen was examined by changing the rate of flow of air 
till 0 to 14 seconds. The membranous rate of sedimentation and quality were investigated. It is 
shown that the result of Table 2 has the rate of sedimentation unrelated to the airstream of 4 or 
more seems. It is proved [ this ] that it is going on on the self-limit target whose membranous 
deposition is the description of ALD. Furthermore, since membranous deposition does not 
advance without air, it has been proved that deposition is what does not depend on 
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[0056] Table 2 Effect of air rate of flow 

[0057] It is the flow type F-1 20 about an example 4 ruthenium thin film. It was made to deposit 
in an ALD reactor (ASM Microchemistry). A screwKcyclopentadienyl) ruthenium (Ru2 (Cp)) and 
air (rate-of-flow 1sccm under pulse feeding) were used as a precursor. Ru (Cp)2 was made to 
evaporate at 50 degrees C from the open container in a reactor. The ruthenium film was made to 
deposit on the boro-silicated glass substrate of 5x5cm2 covered with 20aluminum3 thin film. 
The examined growth temperature was 350 degrees C. 

[0058] The subsequent purge time amount of the pulse duration of the vaporized ruthenium 
precursor was 0.5 seconds for 0.5 seconds. Changing the pulse duration of an air pulse, the 
subsequent purge was 0.5 seconds. The grand total of a cycle was 2000 times. 
[0059] The effect of administration of oxygen was examined by changing the die length of an air 
pulse till 0.2 to 2.0 seconds. The rate of flow of oxygen was 1 seem. The membranous rate of 
sedimentation and quality were investigated. It is shown that the result of Table 3 has the rate of 
sedimentation unrelated to the air pulse duration for 1 second or more. It is proved [ this ] that 
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[0060] Table 3 Effect of air pulse duration 

[0061] It is the flow type F-1 20 about an example 5 ruthenium thin film. It was made to deposit 
in an ALD reactor (ASM Microchemistry). A screw-(cyclopentadienyl) ruthenium (Ru2 (Cp)) and 
air (rate-of-flow 8sccm under pulse feeding) were used as a precursor. Ru (Cp)2 was made to 
evaporate at 50 degrees C from the open container in a reactor. The ruthenium film was made to 
deposit on the 5cmx5cm boro-silicated glass substrate covered with 20aluminum3 thin film. The 
examined growth temperature was 350 degrees C. 

[0062] The subsequent purge time amount of the pulse duration of the vaporized ruthenium 



precursor was 0.5 seconds for 0.5 seconds. The pulse duration of an air pulse changed the 
subsequent purge for 0.2 seconds. The grand total of a cycle was 2000 times. 
[0063] The effect of the purge die length after an air pulse was examined by changing purge die 
length till 0.2 to 1 .0 seconds. The membranous rate of sedimentation and quality were 
investigated. It is proved that the result of Table 4 shows that there is no dependency in purge 
time amount, therefore the pulse of a precursor is separated well. 
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[0065] It is the flow type F-120 about an example 6 ruthenium thin film. It was made to deposit 
in an ALD reactor (ASM Microchemistry). A screw-(cyclopentadienyl) ruthenium (Ru2 (Cp)) and 
air (rate-of-flow 8sccm under pulse feeding) were used as a precursor. Ru (Cp)2 was made to 
evaporate at 50 degrees C from the open container in a reactor. The ruthenium film was made to 
deposit on the 5cmx5cm boro-silicated glass substrate covered with 20aluminum3 thin film. It 
became clear that 20aluminum3 film is smooth also here, and it is useful although the 
reproducible ruthenium film is obtained. The examined growth temperature was 350 degrees C. 
[0066] The pulse duration of the vaporized ruthenium precursor changed subsequent purge time 
amount for 0.5 seconds. The subsequent purge of the pulse duration of an air pulse was 0.5 
seconds for 0.2 seconds. The grand total of a cycle was 2000 times. 

[0067] The effect of the purge die length after Ru(Cp)2 pulse was examined by changing purge 
die length till 0.2 to 1 .0 seconds. The membranous rate of sedimentation and quality were 
investigated. It is proved that the result of Table 5 shows that there is no dependency in purge 
time amount, therefore the pulse of a precursor is separated well. 
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[0069] The example 7 ruthenium thin film was made to deposit in a flow type F-1 20(trademark) 
ALD reactor (ASM Microchemistry). A screw-(cyclopentadienyl) ruthenium (Ru2 (Cp)) and air 
(rate-of-flow 8sccm under pulse feeding) were used as a precursor. Ru (Cp)2 was made to 
evaporate at 50 degrees C from the open container in a reactor. The ruthenium film was made to 
deposit on the boro-silicated glass substrate of 5x5cm2 covered with 20aluminum3 thin film. 
The examined growth temperature was 350 and 300 degrees C. The effect of the grand total of 
the number of cycles was examined. The membranous rate of sedimentation and quality were 
investigated. It is shown that Tables 6 and 7 are correctly [ simply, however ] controllable by the 
number of the sedimentary cycles which membranous thickness applied as a description of ALD. 
It seems that however, the low initiation period of the rate of sedimentation exists in the 
beginning of film deposition. This can contribute to formation of the initial nucleus on the front 
face of an oxide. 
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0071] Table 7 Effect of number of cycles in growth temperature of 300 degrees C 
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[0072] It is the flow type F-120 about an example 8 ruthenium thin film. It was made to de P os * 
in an ALD reactor (ASM Microchemistry). A screw-(cyclopentadienyl) ruthenium (Ru2 (Cp)) and 
air (rate-of-flow 8sccm under pulse feeding) were used as a precursor. Ru (Cp)2 was made to 
evaporate at 50 degrees C from the open container in a reactor. The ruthenium film was made to 
deposit on the 5cmx5cm boro-silicated glass substrate covered with 20aluminum3 thin film. It 
became clear that 20aluminum3 film is useful also here although a process with the uniform 
ruthenium film and repeatability is acquired. It became clear that similarly Ti02 made to deposit 
also had such useful effectiveness. 

[0073] In this experiment, AICI3 and H20, or H202 were used for 20aluminum3 thin film for 
making suitable deposition of Ru film start by nucleation and it as a precursor, and it 
manufactured them by ALD. Before starting growth of Ru film, aluminum 203 of a total of 40 
cycles was used. 

[0074] The effect of the growth temperature exerted on membranous deposition and quality was 
examined. As shown in drawing 2 , the growth temperature of 250 to 450 degrees C was 
examined. The content of the ruthenium of the film made to deposit at 300. 350, and 400 
degrees C, oxygen, carbon, nitrogen, and hydrogen was measured by elastic recoil time-of-flight 
detection analysis (TOF-FRDA). The result is shown in Table 8. The subsequent purge of the 
pulse duration of the vaporized ruthenium precursor was 0.5 seconds for 0.5 seconds. The 
subsequent purge of the pulse duration of an air pulse was 0.5 seconds for 0.2 seconds. The 
grand total of a cycle was 3000 times. The result shown in Table 1 shows that low Ru film of 
resistance is obtained over a 275 degrees C - 400 degrees C large temperature requirement. It 
is useful to use the deposition temperature of 350 degrees C - 400 degrees C from a viewpoint 
of the rate of sedimentation and membranous purity. However, membranous purity is already 
excellent in 300 degrees C. 
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[0076] It is the flow type F-120 about an example 9 ruthenium thin film. It was made to deposit 
in an ALD reactor (ASM Microchemistry). The screw-(cyclopentadienyl) ruthenium 
(RUTENOSEN, Ru2 (Cp)) and 30% of hydrogen-peroxide solution were used as a precursor. Ru 
(Cp)2 was made to evaporate at 75 degrees C from the open container in a reactor. The 
peroxidation water solution was maintained at the room temperature, and it introduced through 
the needle and the solenoid valve in the reactor. The ruthenium film was made to deposit on the 
5cmx5cm boro-silicated glass substrate covered with 20aluminum3 thin film. It became clear 
that 20aluminum3 film is useful although a process with the smooth ruthenium film and 
repeatability is acquired. . . 

[0077] Deposition of the ruthenium film was carried out by carrying out pulse feeding of Ru (CpJZ 
and H202 by turns into a reactor by the ALD method. Pulse feeding of H202 was carried out on 
platinum and a plate, and H202 were decomposed into 02. The pulse duration of Ru (Cp)2 made 
it change in 0.2 - 1.0 seconds, and the pulse duration of H202 made it change in 0.5 - 2.0 
seconds. The die length of a purge pulse was always 1.5 seconds after pulse feeding of H202 for 
0.5 seconds after pulse feeding of Ru (Cp)2. 



[0078] The film was made to deposit at 350 degrees C. The pulse duration of Ru (Cp)2 was 
changed in 0.2 - 1.0 seconds, and when the pulse duration of H202 was 2.0 seconds, the 
obtained deposition changed in 0.41-0.44A/the cycle. When maintaining the pulse duration of Ru 
(Cp)2 at regularity (0.5 seconds) and changing the pulse duration of H202 in 0.5 - 2.0 seconds, 
the rate of sedimentation increased from 0.35 to 0.44A/the cycle, respectively. According to 
XRD measurement, the film was the ruthenium metal of polycrystal nature. Membranous 
resistance changed by 10 - 15microomegacm. Resistance of four stitches was measured by law. 
[0079] It is the flow type F-120 about a deposition experiment of an example 10 ruthenium thin 
film. It carried out in the ALD reactor (ASM Microchemistry). A screw-(2, 2, 6, and 6-tetramethyl 
- 3, 5-heptanedionate) ruthenium (II) (Ru2 (thd)) and the air of rate-of-flow 25sccm under pulse 
feeding were used as a precursor. Ru (thd)2 was made to evaporate at 100 degrees C from the 
open container in a reactor. The ruthenium film was made to deposit on the boro-silicated glass 
substrate of 5x5cm2 covered with 20aluminum3 thin film. Deposition temperature was either 350 
or 400 degrees C, and the rates of sedimentation were 0.40 and 0.35A/a cycle, respectively. 
These rates of sedimentation are equal to what was obtained by Ru (Cp)2. Resistance was 17- 
1 8microomegacm. According to XRD measurement, the film was the ruthenium metal of 
polycrystal nature. 

[0080] It is the flow type F-120 about a deposition experiment of an example 1 1 ruthenium thin 
film. It carried out in the ALD reactor (ASM Microchemistry). The screw-(2, 2, 6, and 6- 
tetramethyl - 3, 5-heptanedionate) ruthenium (II) (Ru2 (thd)) and 30% of hydrogen-peroxide- 
solution solution were used as a precursor. Ru (thd)2 was made to evaporate at 1 20 degrees C 
from the open container in a reactor. The peroxidation water solution was maintained at the 
room temperature, and it introduced through the needle and the solenoid valve in the reactor. 
The ruthenium film was made to deposit on the boro-silicated glass substrate of 5x5cm2 
covered with 20aluminum3 thin film. The rate of sedimentation was changed among 400-500 
degrees C. The membranous rate of sedimentation was lower than the deposition from Ru (Cp)2. 
According to XRD measurement, the film was the ruthenium metal of polycrystal nature. 
[0081] It is the flow type F-120 about an example 12 platinum thin film. It was made to deposit in 
an ALD reactor (ASM Microchemistry). (TORIMECHIRU) Methylcyclopentadienyl platinum 
(PtTMCp) and air (rate-of-flow 25sccm under pulse feeding) were used as a precursor. PtTMCp 
was made to evaporate at 21 degrees C from the open container in a reactor. The platinum film 
was made to deposit on the boro-silicated glass substrate of 5x5cm2 covered with 20aluminum3 
thin film. Growth temperature was 300 degrees C. Deposition of 250 more-degree C Pt film was 
also examined. 

[0082] The purge after the pulse duration of a platinum precursor does pulse feeding of the 
platinum precursor for 0.5 seconds was 1 .0 seconds. The pulse duration of an air pulse made it 
change till 0.5 to 2.0 seconds, and the subsequent purge was 2.0 seconds. The grand total of a 
cycle was 1 500 times. 

[0083] When the die length of an air pulse was 0.5 seconds, it became clear that the platinum 
film was hardly deposited. However, growth of the uniform film of the 0.35A/ cycle rate of 
sedimentation was obtained by only 1.0 seconds of the die length of an air pulse. Membranous 
resistance was measured. A result is shown in Table 9. 

[0084] Table 9 Resistance of platinum thin film, and effect of air pulse duration in the rate of 



sedimentation 



£ (s) 


(u Q c m) 


mmtem (A 

SIM P/^) 


&is 

( n m) 


1. 0 


13. 9 


O . 3 5 


5 2 


1. 5 


12.4 


0.4 3 


8 5 


2. O 


12.6 


0. 4 5 


6 8 



Change of membranous thickness has been disregarded over the whole substrate. Change of the 
thickness covering 4cm was the precision of the used measuring method, i.e., within the limits of 
**1 nm. 

[0085] It was made to deposit at 300 degrees C, as the example 1 3 platinum film was stated to 
the example 1 2. The purge which the pulse die length of a platinum precursor follows for 0.5 
seconds was 1.0 seconds. The subsequent purge of the pulse duration of an air pulse was 2.0 



seconds for 1.0 seconds. The effect of the grand total of the number of cycles exerted on the 
rate of sedimentation was examined in 1500, 2250, and 3000 cycle. Membranous resistance and 
thickness were measured. A result is shown in Table 1 0. 
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15 0 0 
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5 2 


2 2 5 0 


1 2. 
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0. 3 9 


7 8 


3 0 0 0 


1 1. 
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O. 3 5 


10 6 



[0087] Although the above-mentioned invention was explained about a certain desirable 
operation gestalt, probably, for the usual engineer of a field, other operation gestalten will be 
clear for the time being. Furthermore, although a specific process flow and structure were 
explained, if it is this contractor, the modification of a scheme which uses the approach indicated 
by this specification will also recognize a certain thing. In addition, probably, in consideration of 
the indication of this specification, other combination, deletion, replacement, and modification will 
be clear to this contractor. Therefore, this invention is not restricted by the detailed explanation 
of a desirable operation gestalt. and is clarified by referring to the application for patent which 
accompanies instead. 
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*S«c-T4. ffi»©^-S?>y«FH«*)0. 0 5~20 

[003 1] BB&fc^tf^A-Xtt. K3R*/t»*K*tfl& 
©#x©M^£J5j£^rtK''Ol'XaiA'r S c i«:<fc 
r. *S>-»«H2 O, . N s Ofc^Dv'SfcKW^lb 

l&fr ^©I^fc^tMb^fCfc^JS?;* tt-cKflsffiwa 

0 2 *^K©^VbX*Sl£SF*3fC^AU. ^A- 
^*SfESrt©«aSE±K^#. -e©f&JSa£^rt«:Sg< c 

[0032] BBSt^l/XB:*? * l> < ttiiiStMSi*^i?# 

*«dtr^©WRd4rmt£» 10~25%-C&SC<fc 

tbGMtyhs&ss <«*.«4 4 • 

/■»*"C) ©*&£. ^^#t?*fX©H*iJSiI«. 

iftl~- 8 s ccmT*5. i»3^:*&»E©*B^v 
£^if#x©WfiifcjIW*I«* s A£ < a*. 
[0033] KJ^ra©E&ttSI#ifcO. 01-205 

y/<-;u-c*t). «t»3SfSL.<«i~i0 5 y^-;ur 
as. jg©^R4rajf&-rsfr«:. «Ri*a#*waBS* 

|Jft)2 0 0~5 00-Cr*»), «fc»3iff*0<«Ru-C*>J 
3 0 0~3 6 0*C. Ptti(Sj2 5 0-4 0 0 , CT?*5. 

[0034] ^n-fexi^ffli*iS3fi-rs)i©ii3*j 

©iSailSKtt^-r 5 . A L D CC fe W SfSM©H«3iS 

d»A©a6R^Fiai«*50. 2~3 0#-C*S. 

[0035] *^©^ffi{Ccfc5*®lSIK:ffiffl3nS 
SJ2r*©j(S^Jft#RS©W«. TWT?A*^IIBtt 
ASM M i c r o c h e m i s t r y Ltd. KJ; 
o-ClSiSlaTl^-SF - 1 2 0 and Pulsar 

<»,W«) ©BB*r£©ALD«atTr**. Cn6© 
A L DJKJfcgtcm. »M©A L D*fR*5pJt6) r d:^< © 
«S©KJ£.S#. |ulg#©^'^Xj^A©fc«t>©®^^^ 
■t*R****CVDSJ6B**»"C. *^8©*ffi 
*SIS6-rs©K:^-C€fS. Hffll^a-teXttffiiaHRW 
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sstsii <tits& l -cm 6 #>icmwm.im± 

[0 036] SrfES©JS£i§«a- F-B>*(loa 
d lock) *$kffi?Z>Zt1fi-C%&. -£©tg£\ & 

[0 037] -MWKMWB. 

•7 > i^X * ©ffittSP^-C* iF-^l /t«« 3 4*!* 
£. ^fct»m^3 2*ih7>^X^*St,>K:^f||-rSo 

«&»B3 6. wt«s i o„ *sfi±«:tss$-e5.. m 

^□4 04^fig-r-5J:^«:/^-->^-r2>. 
tr^lfcliyaKx-, trr&^mtetmso. 
y^y^v-cjEg-rs. tfyfya^HStfr 

5 «c a # -■=. > i/*j<fc i>'x v 9=- > ef-r -5. # y 2/ y ^ > 

©&. *y^'jn>©^MS*i-C*-5?cW^:€f<i&5J; 
'j3>*>*;Ha, Si, N, iSfcLktcWlteatfF 

mat (ald) rim si**. /< y maw •/ 

[003 8] tfRtfP t StcteRu&mmiK. 

ALD(C«fc-5-C*tSi3-«*. ^^t?^JS5 4*s^yr@5 
2©±£fc«jfi< ttfc- J: 5 tc. &jMe'<*-~ 
x ^©f§. 5 

6£g«±fc:it?S;*-t±.& <> * + >^>*j|St*{$5 6»ii5P 
USSS^fTf-S. -r*to%k©«l,itt?4-C*4Ci*i»* 
U>. k©iKt,>tm«k©<B#£5. feo£#£U<» 

§io, $6(c#gb<«§2 or*5. rt'ifA-? 

^IXFDVWA (B ST) ti&XJfZ^Zfrmit® 
Ta 2 O s Wk©iS^jS^M^©^!liLr^ffl$n 
■5. k©Bi^lttffi. ; E3SS?e«3K:Tx-JH^rJS©^tt 
4ff1i3i£JfflD;H*So ±g0H€i5 8. 09*. 

tfR u gtcteP t * k©m^^f5 6 <D±iCimSi±, 
**^*KH< (HSitfJKJgJSi-r*) «fc9lc;<*-x 

^^.fc^xii^^y-r^. 

[0039]+t^>f 4^Sffi©*jS»sJ< y ->')3> 

©*8?©&«:g«ai®Wgffcu ^■c*!;j/ i )3> 

±tC^©C^ (kn ob) 1/ 

Ji^^ji*** ^ y a > • iOitCi&gt?**. ■?•© 
tt£, #Ji, pd^«ALDK:j:oriia3-&/i:P tgfc 
ttRu#i»ifitt3 6©ffi±K:3£tfS f&j ©6P#<&J&)£ 



(7) #13200 3-2 2697 0 

12 

SZ>. 

[0 040] *+><isZ<DWmfc*m&Z&Z>fe<Dl3 
SSiCcS^-i&x^^V^L-CS^CSfeJ;^ 

KDmg3 6*MiiL'-r5ia t -5jJ<y'>y =»> • ^"^ 

^5 0*J*S. !&2©i&fiW17 0 (09A.«S i O s ) 
*m 1 ©i^MftateJ:^ y 5/ y n> • ^©±Kit 
aS-ti-S. ^2©^«:7 0©^M«:i5gOfcUt>X h 
7 2*, #ys/ya> • 7*7^5 0±«CB!P7 4fcJf?l£ 

Jf. MitfTa, Si,N, £SfiLhKita;*-fc>\ *y 

i"j3>-7"7 ^©msp^®©**^* y r 7 e -e&ns 
n-5J:^K:^-*-x>^-rs 0 TSfe&jgiiS. 0U2.tfP 
tSfcttRu^rALDKJCo-CSSJitCliaS-B-. 8* 

<Dm±m<D&&T8n&mmm 9 0 -c&&£ n-s <t 5 

^-x^teJctfx^^-r*,, k©i^^tll9 
2. m«BST*SS±«cm«ALDfCj;r>-Cjia 
20 fl®19 2©i|gStt*Jcfca t ilt^«:iiftl3-l*^ 

&**ff)tc. ±35#Jl®g9 4. WfctfPt 
*fcl*Ru**^«:J:^-Ck©l«l,»fi)K9 2±&CAL 

[0041] 3 etc. 8m-?zmmsm*&'hic%it>ti: 

3^6. DRAM^ + ^^OW^lMa^JnS^Sflfe© 

30 D t *^©ritt«^©'&^it»*+>'<^*^L/rc» 
->y3>s«i 1 o_tic&mmmi 1 2-ctsssn 

«Ta, S i, N, *&mTZ>C£frHmit>Z>. cn« 

^is{t«j©^fi£* is w e y n > d: e^^&p 

TB 1 1 4±&C|fl 1 ©^Mmffi 116. 0!IA«P t £fc 
»Ru**^?Stcj:-,rALD«: e fco-ciia3-&s. ^ 
l©^H®Ji 1 1 6±K.k<OlS^m 118. 09^.tfB 
ST&m«ALD(C<fcor*K3-g-S. k©itft<^ 1 
40 1 8±«:m2©^JlSSJll 20. m«P t*fc«R 
u**^K:j:-DTALDK:J:oTli«3-&6. 
y->>;3> 1 2 4t?3t«3n-5»-^{c«. »2©^)Sm 
Si 2 0£'-«;7]VKl 2 2. iSd^.«Ta, Si, N, 

■csa-r-sci^sf^L-^. ^isms©/s$wiKji Mm 

-2 0 0nm3^6iltl?3n > fflj^«:J:-c»r{i56{C/P 
[0042] ff.«lil?K){c. S««®«:*KS4-^^.?> 

ci -ciia^ia^-r s c t k j: xmrn-fu-tx zmm 
•r^ci*sr#s. -H86^r«. &mm<Dm.mz& 

50 te-r6«T«CA 1 2 O s ttclZT i O s *i*©^IS^t«J 
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<D7?#J>h, t^-NH 8 fcJ:0'=NHSfc^ 

tc&mmm<D&&i&&tox®i<c£&'vzz. ioa 

DR AM0Di#aCC (Ba k Sr)TiO s 56, C 
MOS >5> Z r 0 2 f5WJHf0 2 ft 

«fflttta6ttfb£«L W*M311Mb** (H 2 0 2 ) ft 

©^BWtt«©»«a»iiw*tf«s** e t*jr*fti»« 
[oo43] mm^mmom^, mm 1 s o ±<mbb 

[0 04 4] 3 6«:*»9H<Of6©ll*S?BS8K:j:ti«, — 

fiCc^^ti^o Ru, Rh, Pd, As, Re, O 
s, Ir, P t^e>iiif?^n/c^ft< <hfe l 

*fctt*HHfctf* <«Atf«*fcttT>l/=r:/) O'W 
Xfc<fcoT2t>Cc#8i3*ifc, £JSiK<Dfb^®*$<fctf 

e>ft^>- FJNDJtSRttl nm-3 Onm^D, £> 

hb<DXfoZ>. 
[0045] 1 

;l>7*^Ait)g£7a--5£F- 1 2 0 ALDJSft* 
(ASM Microchemistry) tf^JifftS 
Mtc 0 trx- (^^u^>^xr.ji/) ;i/-r-^A (R 
u (Cp) 2 ) teitf^M (>W*iSA*<Di!ES8 s c 
cm) *IWM*£l/TfcflIOfc. ;l^-«>Af»g*Sl> 
Al, 0 3 JK*C&Sl,fc5x5cm 2 ©*£SBW/^X 
St5_btC«MS#/c e JSS?aSW3 5 0*Cr*^ft:. 
[0046] Al 2 Oa «B*^-ttJU^-9A«to«fctf 



8) SS200 3-226970 

14 

o/Co Ctt#A 1 ■ O a IS_L<DiiS8fK©* 

(-OH) ft^OJSJCaJflrtCi^fcOiSOeO/c. 
C(DSB»fl[<D«K«ALDK:J:ori|W3'&feA 1 s 
o a f«B<D»r#ftaffi*cjia>. CQ*§&£*n>T, Ru 

i»[>a«jttjsitR*H>6-rsfc«>©A i « o 3 «m&» str 

IgttiUTA 1 C 1 a , fcJctfH. 0£/tteH 2 0 2 * 
A 1 2 Oa ftffifflLte. 

io [0047] ;i/7^ * A«rtt(*(i>a^<DiaBi*a{ taaK 

*£ASC£{c<fcoTXfbS-ttfc. Ifc^ot, KJ&S 
F^CD^fiSc^fb^S (open evaporation 
boat) <Diag% 4 5 °C~~ 7 0 •CtcSfbS'ttft:. 

[0048] ftMbUfcJl^-* *WH«>>W*»* 
0. 5#, ^(D&CD^'~i?«0. 5»-Cft-ofco 
JV*©^Vl>Xfitt0. 2#\ *©«©^-^«0. 5» 
X$>^tc a V<{#>V<Dmt\Z3 0 0 0§^o/c o 01 
aXSJK*. iHWM**<WK^«<fe^^»bT*. T 

20 ft*>ft*©»{bfflttcc<fcr>r^b-rsRuCp, <Dism 

fitC«tjc#UftC>Cch^L/XC^o C*l«:IB<D*£H# 
ALD(DW»r**tBWHI (self-limiti 
ng) mtcmfl>X\i>2>Ct%:mfiEVXii>Z>. Utc&i 

ALD<D^<o±x<Dm&*mmxt*z>. 
[0049] mmm2 

;bf^.^Aii^7a-SF - 1 2 0 ALDSItS 
(A SM Microchemistry) (p'CJifltS 
ti:/c 0 trx- (V^n-^>^^x^;l/) (R 
u (Cp) 2 )'*J:V3M <>wx^*©*a8 s c 
30 cm) ^ffrlg{$iL/r^l//c e Ru (Cp) 2 £J5J£ 
gW©KJSSS^65 O-CrSWbStt/Co Jl^-tfAK 
*m>A 1 2 Oa Mt??5SU/c5X5 cm 2 

/Co 

[0 05 0] A«rKf*0»^©|»^4bLfc 
SWBflM!VW*«* 0 . 2&ft>61. 2#£rSE*.*C 
iCCJ:or»bS*ft:. ^<D*«iIS^J:^ a a pH^« 

40 O/*-t?tt0. 5»"C*-3ft:. '9'-f^^©J*tf«3 0 0 
[ 0 0 5 1 ] * 1 Otfi^'WaiMft'O . 2IMSLh<D 

^aaia^^^xs^i^T^br^Ruc 

A L D (D«F®r ^> & SSWI&WfciitT 
[0 05 2] SI RuCp 2 '^XSOi^S 



C9) 



15 



200 3-22697 0 
16 



R u C p 3 


WE 


mmmm (a/ 


at* (A) 




(ti D c m) 


MP*') 




0. 2 s 


17.9 


0. 20 


4 0 0 


0. 5 8 


14.4 


0. 4 3 


8 6 0 


0.5 s 


15. 0 


0.4 4 


8 7 0 


0.7 s 


14. 9 


0.4 7 


9 4 0 


1.0 s 


14.1 


0.4 7 


9 4 0 


1.2 s 


13.9 


0.4 8 


9 6 0 



[0 05 3] mmms 

;^^Af^7n-SF- 1 2 0 ALDSJSS 
(ASM Microchemistry) ff^CJifSS 
•tf/c. fcfX- (Zs>7U'<>2zsx.^)V) ^f^-^A (R 
u (Cp) 2 ) to<kV2mzmm&t LTffifl!l//c 0 R 

u (Cp) 2 *s««rt©Hi«S»^6 5 0-crc«<b3 
juf--*A**i»i>A 1 2 o 3 mmmotcs c 

mx 5 c m<D*«>aB{^XKSJifc«8IS*?k. ttR 
bftfSMUmtS 5 0 'CC^o/Co 

[0054] mtisfuvr-v &fflm#wi>xmz 
o. 5#, -t©a©^-t?tto. 5#r*^/^ e 



[00 5 5] K*OK:-^<Dl2g£, 0*6 

l 4#*rS*5ci«:J:oTB»l/fc. Jg<D*i«jt@[ 

10 *j<fctffiK*watufc. *2o>ft*«iiai»a&w4 s c 

C*iiaH©«BI#A L DOW»r*& SEWRWKiaff 

6€>0-C«%<, RuCp 2 iBBR<0IH©JKJ£(cJ:4«> 
[0 05 6] ^2 





vm 

( n Q c m) 


*nmx (a 


(A) 


1 4 s c c m 


12.1 


0. 3 5 


7 0 0 


8 s c c m 


15.0 


0. 4 4 


8 7 0 


8 s c c m 


14.4 


0. 4 3 


8 6 0 


4 s c c m 


14.4 


0.4 3 


8 6 0 


2 s c c m 


12.3 


0. 34 


6 8 0 


L s c c m 


12.4 


0. 3 1 


6 10 


O s c c m 









[0057]* 

;l^~^AfSlg*7n-5£F-- 1 2 0 ALDSJt* 
(ASM Microchemistry) tpfitSt^ 
-&tc a fcfX- (i/^n^>5?^x^) ;bf-^A (R 
u (Cp) » ) *J«fc#2» <>W*&A*©SKai s c 30 
cm) *mm&£LXimvtc 0 Ru <Cp> » £&J£ 

*Wt^A 1 2 O a I-C»ll/c5x5 cm 2 <D*2&K 
#9XS«Lb«:iHI3«ft:. ttt^fcjffiS&Kt*3 5 0 

[0 05 8] *<fcLfc^^-^ AWBflKDA^Xfil* 



*0. 5fJ\ *©«©^-^BJ!Btt0. 5#"C*ofc. £ 

[0059] mm<D&^<Dmm*. s^w^ofis* 

0. 2*62. 0#£T***C£fcJ:r>Ttd»0fc. 
ift!§l£f92 L/C a 3 cr>lg*«JfaKeS^ 1 «^±£>£ 
KoMP A l DOJWfrc* * e EJW«««:attT ^ 
[0060]*3 ffi^t't'^AMHI 





Q c m) 


m®m& (a 


(A) 


0.2 s 


12.4 


0.3 1 


6 10 


0 . 5 s 


13. 1 


0. 32 


6 4 0 


0.7 b 


12.4 


0. 38 


7 6 0 


1.0 s 


12.4 


0. 3 9 


7 8 0 


1. 0 s 


12.5 


0.4 3 


8 6 0 


1. 5 s 


12. 0 


0.4 4 


8 8 0 


2. 0 s 


11.7 


0.4 5 


8 9 0 



[0061] mmms 

)l^^AWm^y^-^F- 1 2 0 ALDJBBB 
(ASM Microchemistry) tfrCJIiiRS 
&tc 0 ex- (^^P^^^x^l/) (R 
u (Cp) 2 ) fefcOSM ('WXj£A4>0tta8 s c 
cm) %mMfc±bXW80tc o Ru (Cp) 2 £J5fS 
SW©Hfife8S*6 5 O'CrfllfkS-tffc. ^f-*)Al 



«»t*A 1 2 0 3 K~C$8Il</c5 cmX5cm(DWI 

[0062] mti>tc)\>T~v Ammwwbxmt 

50 3 1* ft:. If -f * Jl/CDiftff-tt 2 0 0 0 it* o fc. 



CIO) 



17 



[0063] gMrtiVZO&O^-it&ZOfiM*. >< 

1 0 0 e 4 ] m.4 ^maju ©us 





em 

Q c m) 


i£S5i£K (A 


J?£ (A) 


0.2 b 


1 2. 1 


0.4 1 j 


8 10 


0.5 s 


14.4 


0.4 3 


8 8 0 


0.5 6 


15.0 


0.4 4 


8 7 0 


1.0b 


1 3. 1 


0.4 0 


BOO 



10 



[0065] mmms 

;Uf\r.£AMR*7ta-3CF- 1 2 0 ALDEtBB. 
(ASM Microchemistry) tJ^CJili^ 
t/c e tr*- (^>^u^>^> ? x^;u) ;Vf*-^A (R 
u (Cp) 2 ) (^;uxiMA*<Di&iE8 s c 

cm) zmmtetLTimmotc ru <c P ) 2 



Ru (C p) 



0.2 6 



0 . 5 s 



(ii Q c m) 



^200 3-22697 0 
18 

£fft>A 1 2 0 3 JSirl6SL/c5 cmX5 cm©* 1 )! 

c t #¥993 Lfc. Klfc L/cJSgfiS« 3 5 0 °CT *> o 
fc. 

[006 6] ^fcL/c^^^^AUKftCD^Vl/XS^ 

0. 5&\ *©a©/^-s>i«H»a{b3 i &fc. 

*<D^Vl/*;gtiO. 2&\ *:<Dik<D^-l>\Z0 . 5»r 

1^#;WD*&fttS2 0 0 Oit^ofe 
[0067] Ru (Cp) 2 ;<;l/X©8M)A-s;fiS© 
gJS^r. -rf-^ft3*0.. 2^6 1. 0#£T^*.£C 

[006 81 15 RuCp 2 ^;l/Xa©^'-5?8S 



13. 3 



1 4. 



12. 9 



4 0 



0.4 3 



O. 



O. 



4 4 

3 8 



9* <A) 



8 7 0 



[0 06 9] *jfc«7 

^f-^»jAf»K*7Ci-SCF- 1 2 0 AL 
DJSJ&S (ASM Microchemistry)* 

•)A(Ru(Cp) 2 ) fecfcO^M (^i/xasx*©* 
28 s c cm) ^mmWtOX^motCo Ru (Cp) 
2 *J^Srt©HttSS3^65 0'C-C«<fcS-arfe. ^f* 30 
^AM£»l>Al2 O s l7?ML/c5x5cm 2 (D 



*k*3 5 0*5*^^3 0 0*Cr#>o/t o lM*d/#©*B|-© 
$6fcJ;y7», ALD©^<bL-CM(Di?$^®fflL 



[007 01^6 



fi£S?a@[3 5 0 -CKfctt&U- W * 





(iiQcm) 




ff£ (A) 


10 0 0 


17. 5 


0.39 


3 9 0 


10 0 0 


15.1 


0.35 


3 5 0 


2 0 0 0 


14. 4 


0.43 


8 6 0 


2 0 0 0 


16. 0 


0.44 


8 7 0 


3 0 0 0 


12. 9 


0.4 1 


12 4 0 


3 0 0 0 


13. 3 


0.3 9 


117 0 


4 0 0 0 


11.7 


0.41 


16 2 0 


4 0 0 0 


12.6 


0.4 4 


17 4 0 





( M Q c m) 


ttSHM (A/ 


(A) 




10 0 0 


2 5 7 


0.0 9 


9 0 




2 0 0 0 


19.0 


0. 18 


35 0 




3 0 0 0 


14.7 


0.2 7 


8 10 


— 


4 0 0 0 


12.5 


0. 29 


115 0 





[0 07 2] mfows 

;Uf-^^A«S^^a-^F- 1 2 0 ALDRJ&S 
(ASM Microchemistry) ^^iSc? 



i±/c 0 t*.x - (v^n^>^v ; x^-;U) ;l/-r^^ A (R 
u (Cp) 2 ) *5£tf£» (>^X3£A#<Dfc£il8 s c 
50 cm) iflftiltffifflUc, Ru (Cp) 2 



(11) 



IS 



*J»(r»A 1 2 0 3 mvWSVftb cmX5 cm©t^g 
Zj-Wlf*^? Alfe J: tf|PJEte£>& £ ? * i2 X £f# £ 

i0 2 fcc<D<fc^^W^^^^Lri^c<h^J?g 
[0 07 3] c©SI»«:*ji»r, ^j&teJrtf^ftteJ: 
0 3 Ktt. A 1 C 1 3 *5<£tfH 2 0*/cttH 2 O a £iu 

mfttbxgmv, ALD^cfcorigiiL/co ruI® 
aatHB6-j-*«rcc*»f4 ou- *;ucda i 2 o 3 

I o 



10 



4 o o 



3 5 0 



3 0 O 



R u 

^%) 



— 10 0 



— 10 0 



-10 0 



< o. 



2003-226970 
20 

* <Df£S.U&*UmVtc 0 3 0 0, 3 5 0, *5 £0*4 0 0 

•c-vwmznttmo. ji^-va. mm. mm. 
A&<Dttmim£Ettm?&mftm&m (tof-f 

RDA) tCjc-iXmfeLtc. 8 JCtST. ^ 

<DJ*-*ste0. ^gp^XCD^Vl/Xfifcl: 
0. 2#\ t©«©;^2;tt0. 5fjn?*o/c 0 1f-f* 

jndHSSH* 3 0 0 0 @r & o/c. 31 l tcm*r*Sm«, 2 

7 5 -c-4 o o v<Dm^ummmict>tc^xm&<Di&^ 

©«fl[CDa^ P> , 3 5 0-C-4 0 0 'CCD*aaK€:ffl 
c>£o#W&-c&& e L^u-r-cfc:3 0 0 "Cr^CD^S 

[007 5]I8 TOF-ERDACt<fc6;l/7^£ 

(JE^%) I N U5C^%) I H (J5^%) 



<0. 3 



<0. 3 



<0. 



<0. 1 



< 0. 



< 0. 



< o. 



[0076] mmmB 

^•)AIK713-SF~ 1 2 0 ALDSJSS 
(ASM Microchemistry) ^"C^IS^ 
tt/c e t'X- (>>*a^>#^x.r.jt,) ;V-r-r.^A 
f -/-fe>. Ru (C p ) 2 ) ^^^3 0%<Dffl^b*SI 
^«J«#±bTttflJ0fc. Ru (Cp) 2 £KJ£gg 
«0!>IIKgS^e»7 5-C-C^b3^3rco jlBMbtoStiK* 
SfiK«feSJ£8rt K^MScfcO'VU^ F • ^ 
^ILtiAl/Co /U:r~^Aj®£»<,>A 1 2 0 3 R 
r»«bfc5 cmx 5 cm(D*«>iK^^ifi±K:i 

«3tt/c 0 A 1 2 Oa l^f^^f-^^Aliffll* 
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4 1-0. 4 4 A/lM*;l/T?^{bl//Co Ru (Cp) 
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u(thd),) te£V'*)lxmA*P<Dm&2 5 s c c 
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